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The activity of Jupiter's decametric radiation appear6 

to be greatest between 5 and 10 &/s, but measurements &e 

below 10 & / e  are subject t o  large ionospheric errors. NO 

.. 
- 

.. r ; w i c a n t  change in rotatim has appeared since 1960, 

Tbe effect of. the satellite Io as r e p e e d  by Blgg  has been 

corroborated. Marked variations in axial ratio xith System 

lCQgitU& Were observed, frm which eStbateS Were made 

of the meridians of %b poles. A ray-tracing study was m ~ d e  ' 

of the focussing of radiation escaping i'ropn possible J W  

' field-aligned ducts. m e c t  of asyzmneM.caI. st;op e 

iS d i s c u S s e d o  A pOSsibls Of tb IO 
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1. Introduction 
t 

I 

SySh~~at iC observations of the decametric radLation f ram Jupiter bape 
I 

been conducted by the University of Florida group at Gaine& since 

1956, and at the Maim Radioastroncpnical Observatory in Chile since 19s. 

Monitared recordings axe regularly msde with. sinrple U b r a t e d  radiaPetere 

at several fixed frequencies between 5 and 52 &/so Intensities of the 

circular polarization ccpnpoaents are measured at three' of the Frequencies. 

Recordings of the dynamic spectra and detailed structure of bursts are 

clade during the m o r e  intense noise stanns. The m s e  of this 

to present sam of the mare recent results of the observational 

and of redated theoreti& irrvestigations. 

2. AverMeSpectra 

One of the objectives of the program has been the &termination of 

the average spectral distribution of the decametric radiation occurring 

during an entire apparition. Such a spectnrm i s  shown in Figure 1. 

order t o  illustrate the relationship between the decameter-Wavelength 

, .. 
. .  

I .  
region and the u t ~ . . p a r t s  of Jupiter's radio qc t rumJ  the decimeter- 

wavelength and thermal regiooas have also been 5ncluded. Since the deCem3eter 

radiation is highly sparadic, the curve far the peak flux densities lies 
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*re is considerfib uncertainty regardine; the spectra below 10 X C / ~ ,  

due t o  the praximity of the ionospheric c r i t i ca l  frequency. 

curyes for the decameter region were obtained in 1961 [Cam e t  ale, 1964.1; 
pinto obtained m o r e  recently axe also Shawn, The mudmum activity 88 

observed at ground level between midnight and dawn during the years of 

The sammth 

I 

I 

miaimurn sunspot nunitaer apparently occurs between 5 and 10 MC/S. . . I  

or not m u r e .  observations to  be mahe fran abwe the ionosphere will reveal 

that the true maxipum Ues at a sigrdficantly 1- frequency thaa this 

remains t o  be seen. 

F i g m e  2 suggests that the t r u e  maximum could indeed occur a t  a lrrwer 

fraqqency. This figure is s scatter  diagran of the peak flux densities 

A' L series of Jupiter noise.tnrrsts at 6.3 Mc/s as a f!unction of the F - m m  

~ - - b . . ~ c a l  3equency for the ~rrdj.nary mode i n  the terrestrial ionosphere. $ 1  
.XA .;er x z s  ne- the zenith at the times of' observation, and the sun- 

tzoer W~LS close to its miahnnn . 
.:-:anuation of the 6.3 MC/S signals was quite severe whenever the CriticaI. 

The figure suggests that ionospheric I 

I 

- .  
--.-l A- . t. -_ Yuency exceeded tb r e a t i v e w  low value of 2.5 &/so It u o ~  -fare 

s e a  that i ~ . .  density measurements *an wth the ionosphere at ~te&cies 

can be made far attenuation. 

3. Periodicities 

Although the OcmrPence of the Jovian decameter radbt ion appears 

;Llperficfally t o  be randan, statistical analyses have revealed three 

pronounced periodicitges. m s e  -e (a) the system I I I  iotati& mod, 

. 
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Plats of the probability of occurrence of the radiation as a f'unctian 

of tb system IIf longitude of the central meridian us- indicate three' 

-Jar source zones, as shown in Figure 80 The sources are easily recog- 

nizable at the higher frequencies. m y  grow wider as the Frequency is . 

- 
I 

I 

. reduced, asd below abW 15 Mc/s beccpne poorly defined. !their positions 

ap-d t o  remain f a d  in terms of System III lcmgitude un t i l  l9&. .Since 

1960, however, they have drifted toward bigher longitudes at the rate of 

about no per yeas. 

radio sources Zncreased rather abruptly by about one second in  19&, and 

has rP_mai.IIPd essentially constant since that tinre. These results have been 

presented in detail by mth et al. [1965]. Wre recent results, through . 

~- 

. .  The implication is  that the rotation period of the 
' 

I the 1964 a-tion, indica- no fb-ther change in the rotation period. 

A s t r i k i n g  correlation of the Jovian decametric activity with the 

position of the satellite I o  was discovered by Bigg [1964]. The recent 

re-examination of a l l  the Florida and Chile data has resulted in the cauphte 

carrobamtion of $iggls findings. These results, together w i t h  evidence far? 

a 6% b A t  lesi prosuunced influence'by the satellites Gpnymede and 

Europa, have been presen-d by Lebo et a&. [~9651. 

I 

, 

4 It has long been known that an inverse carrelation exists between the 

yearly averages of Jupiter activity and sunspot number, Recently obtatned 

It vi33 be of interest t o  determine w h e t h e r  a s in ibx  Zag exlets between the 

Jupiter activity mtudnmn and the sunspot min3mm. 
. .  

. .  
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4. . polarization 
c 

I 

s. ' 

Extensive measwemente of the intensitiies of the r ibw and left clrcuhw 

ccnrpanents of the Jupiter radbt ion have been made a t  the University of 

Florida and in Chile. ryPicaZ noise bursts &e a second ar so in duration. 

apparent u ratio, U, which is  measured far each Get, i 6  given 

a =  

In  this eqwessioi SL and SR are the flux densities of the lef% and right 

circular caqonents of the burst peak, not including the contrilxltion f'ran 

the galactic background. The magnitude of the apparent axial ra t io  is less 

than OT equal t o  that of t b  true axial ratio, be- less if BP unpolarized 

ccqoaent i s  present, There i s  us\xs11y a fairly large ragdcpp variation in 

the values of a for successive bursts; hawever, it has been found that . 
snoothim can reveal sigpificant variations. 

Caxr e t  al. [1963.] demonstrated t b a t  at 22.2 Mc/s the algebraic averages 

ai- for the three w m  s m c e  zones varied sliatly but sigpifiCal2tw. Tbe 

right circular caqonent was predaniaant for all three, but source C displayed 

the matest  tendency toward left-handedness. 

was a pronounced variation in the anoothed values of a with respect t o  

longitude at 3.0 Bk/s, the polarization sense actually changing with 

Doudm 1x9631 showed that tbere 

' 

Figure 3 shows sa= results of observations at 22.2 Mc/s in Flurida 

aad in Chile during 1962 and 1963. The algebraic averages of oc over 20' 

longitude in.t;ervals m *tted with respect t o  System UI longltudee , 
.. * 
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Figure 4 illustrates the 

mado in Chile during 19& and 1963. 

type of results for 15.8 W / s  obr;emratione 

It should be n&ed that these two curye0 

are remaxkabu similar, except that the one for  1963 is displaced 10° t o  Zoo 

towash him lon@tu&s relative t o  that for 1962. This dfsplacement is 

presumably due to the. sliQ;ht errar the assumed rotation priod. 

BeUminary remilts at 10 Mc/s are presented in Figure 5. Tbe cury~ 

I in t h i s  case was obtained From the observations of only one month; it is  I 

nevertheless surpris3ngl.y regular. . I  

1 .  An averaged curve for each oT the three frequencies is shown in Figure 6, 

correction having been made for the yearly longitude d r i f t .  It is seen that 

the longitude zone in which the polarization p e a s e  is left-hand widens as 

the i2-equency is reduced, until at 10 ~ c / s  it i s  a o s t  180O wide. ._-  I 

Figwe 7 shows the distribution of apparent wcia3, r a t io  values of 

indirLdua2. bursts at 10, 15.8, and 22.2 W/s. Although the most probable 

frequsacies, the valuss 33.0 occurred relatively '&ten. 

0 

. .  . . .  

. .  



.. 

.- 

.- 

-7- 

I n  several of the theories which have been W e s t e d t o  account for 

the radiation, emission occurs in the extraordinarymode, at  or near the 

local electron gyrofrequency. 

of a dipoh w h i c h  is inclined about 10' with respect t o  the rotational 

axis and is offset A.cm the center of the planet, As- t ha t  no re- 

flections occm, that; the extraordiaary mode remains medaminant, and 9 . 

The -tic f ie ld  is assumed t o  be that - 
. 

the eaxly propagation is more  or less along the 

era.lizaticns can l.y made regarding the magnetic 

that the field-source and field-sink poles must 

at the centers of the regions of right-hand and 

f ie ld  lines, certain gim- 

poles. One can conclude 

Lie near the longitudes 

left-hsnd polarization, . 

respectively, in ~ g u r e  6, The System longitude of the field-saurce 

pole i n  1963 would thus have .been about 2l5', and that of the field-sink 

pole about 35'. Observations of the synchrotron radjqtion at decimeter 

wavelengths have indicated that the geographic'north and south poles are - 
at System 11'; longitudes of about 200' anti m0, respectively. i 

The highest frequency at which the decametric radiation has been 

obtabed i s  about 40 Mc/s, It is clear fran Figure 6 that any radiation 

occurring at 40 Mc/s must have been p&rized in the right-hand sense. We 

can thus conclude that the surface value of the magnetic field intensity 

at the field-soure6 pole is at least 14 gauss. On the other hand, Figure 6 

- _- - 

. .  . .  

. .  . .  
. -  . . .  
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Figure 8 shows the relationship between the longitude distributions 

of oxurrence probability and apparent axial ratio, The assumed longitudes 

of the source and sink poles are indicated. 

eouzr=c pole passes between radiation sources A and B. Saurce C seems t o  

Tho meridian of the field- 

U e  largely in the opposite aemisphere, but its center does not occur . 

. very close t o  the meridian of the field-sink pole, . .  

?olarization measurements of the radiation fran Jupiter at 6.3 'Kc/s 

were d e  in.1964 frcm a deep valley near the Arecibo Ionospheric Obsentatolry 

in ?uerto Rico. 

the _sevai- near-aptimum conditions for propaeation th'ough tize ionosphere, 

. .  
Despite the shielding afforded by the valley walls, and 

iic ;; af %he recordings w e r e  unusable because of excessive atmospheric noise 

,oca thunderstomus. Nevertheless, some interesting effects were A-. -- 
Loserved. On cme occasion, an unusuallylong Jupiter noise starm persisted 

-2~;' efc;s dawn until after sunrise. A t  the start, %he right circular 

caap0nen-r; was stronger khan the lei%. However, as the cr i t ica l  fYequency: 

increased, the right circular cc8nponent grew pro@;cessiveLyweaker relative 

&.- AI= left circular caqonent, as sham in Figure 9. .The effect was 

..-iA*asuma'o'iy caused by the selective absorption of the right circular (extra- 

x . -xy) component as the ionization increased, This bears aut the earlier 

coi -1usion that results of obsexwations.at the lower flrequencies axe uks4 

t. de misleading if corrections for ionospiezie S E ~ C ~ G  29- e. 
Another interesting observation made at Arecibo was that  the noise- - . 

-i 

bursts apparently - lengt;hen when the frequency is larered sufficiently. 

l he ciuratians of most of tbe bursts at 6.3 MC/S ranged about 10 to. 

100 SCOgldS., W h i h  St lo %/e OT -8 %be w m i t y  B;F8 be- 1 snd 
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5. Theoretical Studies of propagation in the 

Jovian Nagnetosphere a 

Carr 119621 has suggested that field-ali@ed layers of slightly enhanced 

ionization d Jupiter's magnetosphere may strongly influence the propagatiaps 

of the radiation produced at hi& latitudes. Rays which w e r e  initially 

traF-=d beneath a layer would escape f r c p n  the duct when the transverse 

elec-cron density gradient became insufficient t o  bend the ray along the 

f ie ld  line. A pastial focussing would occur upon escape, and rays of 

different %quencies wou ld  escape i n  slightly different directions.. This . 

. .  

eflect, combined with the ratation of the planet and assumed departures 

of the f ie id  configuration fran that of a symmetrically oriented dipols, 

could account qilalitatively for several of the observed p'nenmena. 

G u s  119651 recently carried aut a quantitative investigstion of the 

focussing of the radiation escaping frm a 

ray-tracing procedure patterned after that 

w h i ~ l e r  studies. A dipole f ie ld  with L t s  

sphere containing a duct baving a gaussian 

field-aligned duct. He used a 

emplo@d by Yabroff [1961] 'far 

ax is  tipped loo, and a naagneto- 

7 .  

profile were assumed. Ray 

tracings w e r e  made for each of many canbinations of f'requency, i n i t i a l  wave 

normal direction, ambient electron density distribution, magnetic field 

intensity, and the strength, thickness, and location of the duct. Duct 

enibxicement factars as- law as 20 or 30 percent w e r e  found t o  be effective. 

' Focussing occurred for certain seemingly plausible canbinations of the 

adjustable p a r m e t e r s .  A change i n  frequency of more than 1 or 2 MC/S 

was necessary in order t o  change the direction of the focussed rays appre- 

ciably; it appears significant that  t&s is  the apprcudmate bandwidth of 

the observed noise bursts. 

t'ae a c t  increased the intensity of the radiation in tba directiaol Of 

Calculations indicated that the presence of 

fOCUSSa  ';J ab& &ec%beb - -  above W b t  w w  have been ~tha& tbe duct. 
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As expected, it was faund that as either of the poles approached the 

‘ !  

central meridian, %he frequency of the radiation focussed toward the eart;‘a 

drift;ed t o  higher values. A f k r  the pole crossed the central meridian the 

directitm of frequsncy d r i f t  reversed. The calculated rate of frequency 

. drift was of the same order of -tude as the observed values, Since 

only the extraordinaxy mode was assumed t o  be zresent initially, waves.of- 

- 

. 

* 

.. apposite senses of eIJ.iptical polarization would  originate frcm opposite 

sides of t%e magnetic ecuatar. It was concluded that the field-aligned 

duct m o d e l  could readily be adjusted to predict several of the observed * 

. phexmnena on a semi-quantitative basis. 

Radiation - generated i n  a planetarymagnetosphere i n  the extraardinary 
1 .  

node a t  or below the local electron gyrofrequency nomaally ;Caanot escape. 

It is confronted . -  by a stw zone, i.e., a region in which the refractive 

index is For prcpagation along a f ie ld  line, the inner stap 

zone bounwy occurs where the gyrofrequency equals the Xave frequency, 

The thic’xness of the stop zone depends upon both the magnetic f ie ld  and 

the e.sc”Yron density; the th ichess  would decrease if the electron density 

;Gooher; l?L2J, 

l 

. were qecreaset! or if the magnetic field were increased. The dcrppler-shri9ted I 

-. 
gyro-radiation i n  .the Ellis-McCulloch [1963] theory ca.n e s q p  provided the 

. shipt is  t o  a hi& enough frequency. ~n such a case, the region in which  
I 

I 

. .  . .  

. .  
. .  . . .  .. 

,. . . 



In  two of the other emission models which have beenproposed, the 

radiation has been assumed t o  result frm the Cerenkw process and fran 

auplified w h i s t l e r s ,  respectively. The stop zone would prevent escape . 

in either case, accordixq t o  the usual nagnetoionic themy. Eo~ever, 

piddington [1360] refers t o  possible ways i n  which radiation emitted in 

' the extraar.dinaxy mode might penetrate the stap zone in the case of solar 

-. 

radiation. I n  t'nese processes, the extraordimxywaves are assumed t o  

create ordirzzy waves at the stop zone, and the latter readily escape. 

If this is  indeed taking place in Jupiter's magnetosphere, then QUT ear- 

* .  

* conclusions regarding the types of poles a t .  the two specified longitudes 

me incorrect. ~ h u s  the pole at 21.5~ longitude w d t i  be tb fie~-sink 

rather than the  field-s0urce.pol.e. - 
G W s  si965 J has pointed out that for all three models, Le. ,  duppler- . 

shifted cyclotron emission, Cerenkw emission, and escaped. w h i s t l e r s ,  a 

decrease in the stop zone thickness would increase the probabiliky of 

emission. .;n asynmetrical dipole f i e l d  could thus give r i s e  t o  an as=- 

metrical distri'bution of the radiation with respect t o  longitude. This 

effect m' -3-b accoun'ii in large part for the observed variation of occurrence 

proba3ility with longitude. S% is perhaps significant that the dipole 

center, as detemined f'rapn the measurements of Berge and Morris [I9641 at 
t 

iiec'meter wavelenggt, is-closest t o  the surface of t-e piane* at 3- 

longctude 02 s w c e  B. The strower field al; this longitude would  result . ..- 
in a reductian in  the stqp-zone thickness, with a conccxnitant increase in 

emission probability. The &her so-mces might then be eqd.ained on the 

baris 02 locallzed field d i s . t ~ u : : m s ,  causing either t h i n k  stop zoxxt8, 

or Lield-aligred duct orientatiools more favarabls far escape toward the . 
behe. 

* ,  

4 
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The remarkable influence of the satellite Io in triggering the radiation from 

Jupiter may well provide the key leading to the solution of the mystery of the 

'origin of the decameter radiation. In one of the two configurations of maximum 

I 

emission probability, source B is on the central meridian and the orbital position I 

angle of Io, relative to superior geocentric conjunction is about 90° (Bigg, 1965; 

Lebo et al. , 1965). In the other favorable configuration, source A is on the central 

meridian and the position angle of Io is about 240 . Io is thus close to the position . 

of maximum elongation in both cases. It is conceivable, although not very likely, 

I 

I 

I 

0 

i 

that the phenomenon results from magnetospheric t ides raised by Io. One would I 

expect two diametrically opposite tidal crests. As each of the troughs between I 

I the crests crosses the central meridian, the accompanying decrease in the thick-' 

ness of the stop zone might allow radiation to escape toward the earth. 
. I  

W e  suggest another explanation which is perhaps more plausible. Io travels 

among the charged particles trapped in Jupiter's Van Allen Belts. We assume that 

~ 

I 
l 

it has acquired an ionosphere of its own, particularly on its windward side. This 

ionosphere must be highly diamagnetic. The field lines in  Jupiter's rotating 

magnetosphere would thus spread apart as they slip past Io, converging to their 

original positions on the other side. Trapped particles following the bulging field 

lines would be kept well outside Io's ionosphere, and would not collide with it. 

However, perturbation of the field near Io might somehow precipitate trapped 

electrons into the ionosphere. One such possibility is that the changing field 

would accelerate certain electrons and would decelerate others; the lowered 

mirroring altitude of those accelerated could result in tbeir.p'r:ec~pitation. 
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. . .  . _'.. * . There mightthus be a continual dumping of p 3 r t i C b B  

which had becn trapped along those field lines passing closest t o  Io. As 

Warwick has sugeested. [1963], the dumping of previously trapped particles 

into Zupiter's ionosphererni3htresu3.t in the emission of Cerenkov radiation. 

I n  Ihmick*s original model, Cerenlcw radiation f r c p n  dumped electrons is 
~ I 

reflected frm the top of the ionosphere back toward the earth. However, 

we will assume t h a t  the radiation merely grazes the top of the ionosphere. 

The various rays fran a point source in  the region of dumping are refracted 

t o  8 greater or less extent away fropil the planet, leaving a zone of shadow 

beneath a sharply defined ray envelop. This bounding surface approaches 

a wide-angle cone at sane distance Fran the planet. The angulsr width of 

the cone 2s only slightly less than 180'. 

essen;iaUy parallel. 

when I o  is  near either of the two positions of naxinnm elongation, resulting 

in the  observed increases in activity. The observed radiation would cane 

. .  
The rays closest t o  it we 

The layer of' parallel rays sweeps past the earth . 

fran regions near Jupiter's linib rather than €'ran the BO called "s~urces" 

on the central meridian. 

. .  
. .  

i 

. .  
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not clear why such radiation should not be observed every time 

maxinaup elongation. The exp2anation is very likely closely 

the gecmetricaleffects of dipole tilt, dipole eccentricity, 

and distortion of the f ie ld  frm that of a true dipole. It seems signif- 

icant i n  thts  connection that for both of the configurations resulting in 

maximum emission, the pole near 200' longitude lies between the meridian oii 
' 

I o  and- $he central meridian. Such mirror-image symmetry 

configurations s-ests a simple gemetrical explana.t;ion 

between the two 

based on a tilted 

dipole. HOWW-, it would unaoubtedly be c q l i c a t e d  by 

as stop-zone assyametzies and propagation anisotropy. 
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Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 
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Figure 

Spectral distribution of 

Captions 

3upiter’s radio emission. The dec€Uueter- 

wavelength CuNes are for 1961. 

Effect Gf crit ical  f’requency upon flux density of noise burets. 

V a x i a t i o a  of polarization with longituh at 22.2 Mcls. Bar 

heights indicate standard deviation for a siagle measurement. 

Variation of polarization with longitude at  15.8 W/s. Bar 

heights. adicate standard deviation cor a sine;le measurement. 

Variation of polarization w i t h  longitude at 10 W/s. Bar beigtrts 

indicate standard deviation for a single meamrrement. 

Smoothed curves showing longitude variation of polarization at 

three frequencies . 
Distributions of axial r a t io  values. 

Smoothed w e s  showing variation of axial r a t i o  and occurrence . 

probability with longitude. V e r t i c a l  dashed lines indicate 
L 

assumed langitudes of poles.l . 

Effect of critical Frequency upon axial ratio. 
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